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Abstract 


parts of the spacecrafts or between the 

fffft “V**® P^aa"*f caase Instruments to give misleading or meahlng- 
^®A.**ata. Potentials and currents at various lofcattons on the Pioneer Venus 
Orblter are predicted by constructing ah electrical model of the spacecraft and the 
m^rm^fel*' calculating the response of the electrical model to the envlron- 

constructed to represent the solar wind and the 
upper, middle, and lower Ionosphere of Venus, the spacecraft structure was 

S'tS^st^ser.'a^*’ 140 passive electrical elem representing structural elements 
of the spMeci. aft. Electron, Ion, secondary electron, and photocurrents to the 
spacecraft from the plasma were calculated, ignoring sheath effects. 

Ji.. pac .case, potehtlala of interest were less than I volt. Potential 

dlJJ^ences betwe^ potHtg equipment shelf were less than 

®,®‘‘®,®rt* aPlar panel potential when the orblter is 
passing through the bowshock regtdri. Here asstirh^d a high photocUri^dnt and a 
low (density, low temperature plasifia, with solar panel potentials approaching 5 

i"<i‘cated this would present a problem In 
interpreting results. Further study Is needed to clarify this issue; otherwise 
spacecraf t potentials are well within design levels, * 

Work performed by Hughes for Ames Research Center under Contract NAS 2830d. 
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I. iSTIIillK CTION 




Spacecraft for two Pioneer Venus missions are bolftg built by Hughes Aircraft 
Company for NASA Amos Research Center. In the multiprobe mission, a largo 
entry probe will make detailed measurements of the Venusian atmosphere and 
clouds. Three small probes will simultaneously sample conditions at widely 
separated points. The probe bus will make upper atmospheric measurements 
prior to Its entry and burnup. Itt the orbiter mission, a spacecraft will circle the 
planet for a Venusian year (225 days), examining long term and glpbal effects. 

The orbiter will be placed In a highly inclined elliptical orbit with a low altitude, 
midlatitude pferiapsls location. Most-of the measurements will be taken during the 
perlapsis pass. 

Figure 1 shows the Pioneer Venus Orbiter. There is a conducting mesh over 
the forward end of the spacecraft to ensure a uniform charge distribution. Table 1 
lists the instruments on the orbiter that are concetned with the charge state of the 
spacecraft. None of the experimenters felt their Instrument would Influence the 
charge state of the spacecraft. 



Figure 1. Pioneer Venus Orbiter 
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Table l. EJtpEfcJbfiaents Concerned with Charge State of Spacecraft 


Instrument 

Opetatihg 

Altitude 

UnpOrtent Features 

lor, mass spactfdmetar 
Or. Harry Tayiof 

<60d0 km 

^lo external potentials; current 
>6x10 ^^^ A. 2 in. dia aperture; 
would prefer ne^ativlely chdtged 
spacecraft 

^leMrOn tem|^rdtur^ probe 
Dr. Larry drace 

>6000 ki^ 

^kpOsad potentials vary from 
■5 to +7 V; total ai'ea ■^1 3 cm2; 
singla probe area » 4 cm2 

Retarding potential andlyzar 
Dr. William Knudsen 

All 

Exposed pdterttial '>-6 V current 
to Instrumeht could be as high 
aS 10‘4 A; aperture diameter 
- 8 Cm; would prefer space- 
craft potential from -1 tb ‘5 V. 

f^laSma analyzer 
dr. John Wolfe 

All 

Pbtential ±7to V; maxirtiUm 
current lb'12 A; aperture 
area = 1 cm2 

Electric field detector 
Dr. Fred Scarf 

All 

No exposed potentials; measures 
potential difference acrosi 
instrument at frequencies 
above 100 Hz 


2 . CHARGED^J* article ESVIROWIENT 


The charged particle environmeat for the Pioneer Venus Orbiter niis^sion is 
an upper bound on empirical Information obtained from Various sources. The. 
model covers the full range of altitudes where scientific packages on the orbiter 
vehicle are Operational. The model is summarized ln.Tabl6 2. 


Table 2. Pioneer Venus Orbiter - Charged Particle Environment 


Region 

Ubel 

Environment 

Component 

Altitude 
Rahge, km 

Charged 

Particles 

Maximum 
Ddhsiti4|, 
par Cmr 

Energy 

Levels. 

eV 

1 

Solar Wind 

06 to lOOO 

^roiOnS 

10 

10 to 100 




electrons 

10 

lotoite 

II 

Upper 

t000<o700 

Ibns ICO^-r) 

102 

<0.1 


ionosphere 


electrbris 

l62 

<0.t 

III 

Middle 

700 to 3S0 

Ions ICO2+) 

103 

<0.1 


ionosphere 


electrons 

103 

<0.1 

IV 

Lower 

35d .0 200 

tons (CO2+) 

6 k io< 

<0.1 


ionosphere 1 


electrons 

Sk 10< 

<0.1 

V 

Lower 

2001V 150 

Ions (CO2+) 

6x 10^ 

-o.oe 


ionosphere 2 


electrons 

6x IOS 

-o.oo 



i 


A cosmie backgl;^6a^^ be pteBeht at all altlluJes, Since the CUl^reht- 
dehslties are IdW and the particle energies high, there will be negligible ccritribu- 
tion to a surface charge Cr potential buildup 6n the orblter exterior sur«<^ces froln 
this source, l^he solar v^ind component of the environment dominates down to an 
altitude of approximately idOO km, the boWshock region factual altitude strongly 
dependent on vehicle trajectory), fhe ionosphere begins to develop at lower 
altitudes and particle and current densities peak at an altitude in the range of 150 
to 200 km 500^I( thermosphere). 

The ionosphere is extremely dynamic and the altitudes bounding the regions of 
interest should not be taken as rigid divisions. In addition, the Solar radiation 
(- StSO^K blackbody, 2. 7 X 10"^ergS/cm^ Sec) at VenuS contributes strongly to 
the spacecraft charge for the orbiter because of the effect^f photoemission from 
the spacecraft external surfaces. 

Electron and ion currents, photoemlSsion currents, and secondary electron 
currents are included as appropriate. Tables 3 and 4 list current density (amperes 
per square centimeter) used in calculations for each region. These current densi- 
ties are one-half the expected maximum thermal currents. The secondary electron 
current iS dependent on a parameter the energy at maximum secondary 

electron emisSionv liable 4 lists the Secondary electron emission for two bpical 

^max ^max * ^niax number of secondary electrons emitted at. 

The resistivity Of the plasma is calculated from kihetlO theory. ^ In calculating 

£» 

the resistance to the plasma from each Element, the Debye length v;as used as the 
length through thd plasma. Table 5 lists the terms included in a power series 
expansion of current versus pqtentiaU 


KEY EOR tABLES 4. THROUGH 5 


ALT i: altitude range 

u = collision frequency 

= eledtruh density, eldctt^oh/cm^ 

= electron current density 

kT^ - electrbti tempei'ature, eV 

Jj = ion Our rent density 

/ fciT> V/2 

Xri = ( 1 = Debye length* cni 

Je/0 = secondary electron 
current density 

fii.c^i/ 

n = 9 = kthettf. thebry resistivity : 

N €»'* 
e 

J- , = photoemisston current 

™ density 

J = total current density 
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Table 3. Plasma PWamettrS 


Rdgidh 

Altitude. 

km 

1 

Soldr Wind 

»to 1000 

II 

IdOOtb 700 

111 

700 to 380 

IV 

380 <0 200 

V 

200 to ISO 


lod 

uj® 

Sk lO* 

6.0 X 10® 


ohm-cm 


3.194 X 10 
2.8 k 10® 


2.8 

8.0 


Table 4..... Plasma Currents Used in Calculations* 


Region 

Je^. 

A/arr 

A/em^ 

J«/eo' 
E = 300 
A/cm^ 

E-400 

1 Solar wihd 

1.34 X 10’^ 

3.13 X 10’2 

1.38x 10’2 

1.12 X 10‘^^ 

11 

454 it 10’’ ’ 

9.80 X 10’® 

1.01 X lO ’^ 

/.6x 10’® 

III 

4.24 X 10’° 

9.89 X 10’2 

1.0l X lO'l’ 

7.0 X l0 ’^ 

IV 

2.12 X 10® 

4.94 X 10’° 

6.0&X 10’° 

3.81 X 10’® 

V 

1.64 X 10'^ 

3.83 X 10® 

3.94 X 10® 

2.97 X 10 ® 


Table 5. Power Series Expansion of Total Current Density 
in one Dimension 




2I<T \ e 

■ed/kT „ 


^ \ 

lirnc^ / 


Ji 


eee/kT , 
/ 

gee/kT 


JS (7.4) |i22iS. j 1 ■ 




*"max ^ 


Je/e ■ 

•'«'eo 

g+26 0/kT 



Jhu + Ji + Je/g.Je 


WhU ♦ -"o ♦ •'«'eo •'*«»> + <>>‘o + 2 
+ (Jl„ + 4 Je/^„ . 1 /2 + (Ji„ + 8 JB/,„ ^ Jeo) 1/6 


+ (Jij, + ieje/j„J«o) 1/241 


^One-half riiailmtifn values 
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fil addition to the thermal current^, the dpadecrafl. will see a coi^ifent due to 
the relative velocity of Ihe sl>acechaft and the plasma, this is called a ram cur- 
rent. Typical ram currents are shown In Table 6. Both the electron and ion 
currents will be increased by the ram current on surfaces facing into the Velocity 
vector. Both currents will be reduced oft surfaces hidden from the velocity vector. 
Table 7-compareS ram and thermal currents for the Pioneer Venus Orblter. In 
Region I, the relative velocity is that of the solar wind, to Regions n through V, 
the relative velocity is the velocity of the spacecraft In Its orbit, to Regions 1 and- 
It, the photocurrent dominates and ram currents will have little effect on the net 
s^cecraft charge. In Regions HI, IV and V, the ram current will tend to make the 
s pacecra ft potentials more positive. 

Table 6. Ram Currents 


<v>, 

1 

km/iec 

pel 


6x 10® 


* 

.6 

.5 


7.7 k 10 
7.6 X 10' 


Table 7. Likely Effect of Ram Currents 


l£xl0*' 

1.6x10* 


8»10*” 
8x 10*’® 
4x10*® 
3x10*^ 


Cbmment 


Photocurrdnt domirldtei: rdm 

v^iil make no dlfferanise t6 
char^ fttate of ^ai^edraft; may 
influande experimenta. 

dreatty indreasai 
effett when dhaseneaf zero; 
will tend to rhake ipacecfaft 
voltage mbre poaitive. 
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3. SPACECUAFT KEECtHlCAL MOI)EI- 

Th6 61ectrl6al model tor the orblter inoludee more than 140 electrical ele» 
mente end over 70 nodes, each representing an important spacecraft location (see 
Figure 2), This electrical model was OonstruOted as described in"^ and the follow* 
Ing discussion outlines the formulation of the models, 

3. 1 Thrust Cone (Series 114^ 

The magn63ium thi'iiSt cone Was modeled as a series ot linear inductors and 
resistors. A central node was used to provide a location for a capacitance to the 
surrounding solar panel substrate. The lower end of the cone was tied directly to 
the equipment shelf support struts and the upper end represented the interface 
with the fiAPTA and equipment shelf.. 

3.2 Kquipment Shelf Support Struts (Series 20) 

The 12 support struts were reduced to an equivalent configuration of four to 
fit the simplified quadrant model of the equipment shelves and surrounding solar 
panels and substrate. The four strut elements wet-e then modeled as linear induc- 
tors and resistors. Estimated resistances of bonded joints were Included where 
it was fait infiportant. 

3.3 Equipni(*nt Shelf (Series 30) 

The equipment ahelf was modeled in quadrants with circumferential and radial 
inductances and resistances calculated for each. A capacitance to the forwacd 
aluminum mesh and thermal blanket was also included. (Where two capacitances 
appeat- in series with an unimportant intervening node and one is much larger in 
magnitude than the other, the larger capacitance is omitted from the model for 
simplification, or an equivalent calculated. ) 

3.4 BAPTA and BAPTA Saipan Cone (Series 40) 

The BAPTA and Its Support structure were modeled a» an Inductor and resistor 
tied at the eAds to the equipment shelf and the mam antenna supports. 

3.3 Main Antenna Sappori, Dish, and Forward Omni (Series 50) 

The aitimirium antenna support stt‘UCtur'es wePe modeled as linear inductors 
and resistors Vrith a node at the main dish arid at the omnl. Capacitances were 
calculated for the dish and the omni to Infinity. An estimate of mutual IrtdUctance 
coupling with the antenna feed structure was also Included. 
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KEY TO FIGURE 2 


OClCiROuNOl 

^ORnAROdMNi >rOPO» MASTi 
OMM^ANTI Nma StiPPORT 
ANTfNNA/SUPPORI MA5T 
OdPPORT MAST 
MAST/HaPTA iNTf RPAi.f 
ANTCMna f Pto Sl/PPORT 
ANTf NNA Pftfj 

MPsrCb - .;;curRrcV?o\^f;Ao.Au 

” ''ACTION <r.RCUMPtRENTlAU 
^m,!pM6Z'^w^7 INTIRPAC6 


NODE 


32. 33 
36. 37. 
40 41. 


63.6 

67 

68 


. 62. 63. 
66. 57, 
60 61. 


• 70 71, 72 


locatdon 


iBf 

42 


SOtAR ARRAV TOP fCiRCOMFt RFfciTiA. i 

thrust QblME IL0MTER> 

SUPPORT STRUTS 
SOLAR ARRAY ILONOiTuDINAlI 

apt OMNI 

SOLAR ARRAY COVEROLASS 
antenna feed TOP 
apt PACINO SIDE 


J.o Aiuenna Teed Strut arid Cuf, (St?Hes 60) 

node teed. The e.pae,.e»ee, ,e the feed eep ahd tath.1,, .ere taeleded. 

3.7 Solar Ari-tiy and SubSitrate ( Series 70) . 

eulhllt ““I "T.* *“ “ “ olldte eltherhld ia order ,b cel- 

™^““thtlve cepdelthoee to Intlhlt,. It .ae then divided into qdadrants 

h”hsZ . ““ induhthhees eeloolated trom the terllas ,e 

a tea eaa tra„a„.aslhh liae. daaoeiated re.tsta„ces were also apportioned 

aX rir - -- -- 

•1.8 .Substrate kxtension altd Mesh Ktup (Series 8(1) 

for “d Ihduetanees .ere ealeulated la the name manner aa those 

solar array. Reslstanhe, .ere apportioned among the qnadranl members. 

3.9 forward Mesh and Therni&l Blanket (Series 90) 

ferwa ““rlTer'!r.r 'nr the ,„adr,„ta of Ihe 

ol the anlenna dish to the eq»tpmeTs“elMVar,rme'ird™l"'’^ «>I»eltanee 

1. 10 Aft Structure and Aft (iMni (Series lOO) 

.man ““ 'n •he torward 


( 


». ispia: lAtios iuiaj.Tji 

The fesiilts of the Table 3 currents used ort the elebtPleal model are presented 
id Table 8. In Regions I and li, the photocurrent was modeled as an offset sine 
functloti with the phase angle depending on the quadrant. Fof example, .Souree t 
has a phase of 0°, J has a phase of 90°, etc. The offset is chosen to make the 
photoCut-rent maximum at 90*^ and aero at 210°. This overestimates the photo- 
current per spin cycle. A rectified sine curve would better approximate the photo- 
current. In these regions, the effect of this pulsating current is seen as an ac 
voltage on the perimeter of the shelf. The magnitude of this voltage Is shown In 
Regions I artd II at the four shelf locations and for the exterior of the solar panel. 
The frequency for this oscillation Is the reciprocal of the spacecraft spin period. 

The only voltage to exceed 1 volt In Table 8 is that of the solar panel in 
Region n. Here we assume a fairly high photocurrent and a very low plasma 
temperature and density. The electron current is predominately a thermal current, 
the only current available to neutralize the photocurrent. Therefore, positive 
potentials are possible. 


Table 8. ISRiCE Calculations —85 Percent Porosity 



Aititudi (m^x) 

200 

360 

TOO 

1000 

>l000km 


Redidn 

D 

IV 

III 

II 

1 

Node 

ISPICE Run 

i»V6 

. 

PVB 

PV4 

PV3 

PV2 

1 

Omni antehna 

4.4 

■11 

-37 

<1 


24 


3 

Dlah antenna 

•1.9 

•9.8 

•37 

<1 


24 


7 

Afitennk f M 

'1.9 

■0.6 

42 

<1 


2i 


8 

Mesh 

'1.9 

•9.2 

•37 

<1 


24 


18 

Solar lianlii eiiterision 

•1.9 

•9.2 

•37 

<1 


24 i 0.94 

22 

Cehier Of ihelf 

•1.9 

•9.2 

•37 

<1 


24 


24 

Shelf 0° 

•1.9 

•9.2 

•37 

<1 


24 


^8 

Shelf 

•1.9 

9.2 

37 

<1 

±4 a 

24 

£0.04^ 

28 

Shelf 100° 

1.9 

•9.2 

■37 

<1 


24 


30 

Shelf 3?0° 

1.9 

•9.2 

•37 

<1 


24 


72 

Solir ptnel 

■1.9 

•9.2 

•41 

i344* 

21 t20 

74 

Aft cavity 

•37 

78 

•91 

92 


•84 


R48Klf 

Current through BAPTA. fjIA 

2.3 

•17 

•1.1 

13.6 

-7.8 


•±23aamy. 

All volti jes in millivoKi uhleti dihirwite nbied. 
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Doubling th6 Ourrent densUles In Table 2 will at moat double the negative 
voltages for each region, in Regions 1 and 11. the photocurrent still dominates and 
the voltages remain about the same, 

increasing the conductive mesh ahea does not significantly change the potentials 
on the apaeecfaft. Table 9 shows a series of calculations In which the area of the 
conductive mesh is calculated, assuming 0 percent porosity Instead of 85 percent 
porosity. Modeling of the plasma and the spacecraft In this way is a new art and 
there are many areas of uncertainty, in extending these calculations, the isplCE^ 
representation of nonlinear voltage controlled current sources for low temperature 
plasmas needs improvement, as does the representation of photocurrents on a 
spinning body. The effect of ram currents as a function or orbit position and orien- 
tation, and the investigation of sheath formatten, plasma resistivity, and geomet- 
rical effects are also of interest. 


Table 9. ISPICE Oalculations — 0 Percent Porosity 



Altitude (hiaX) 

200 

3Sd 

7d0 

tooo 

>1600 km 


Region 


IV 

III 

K 

1 

Made 

l9l^lCE Run 

„ 

ev6 

PV5 

PV4 

i»V3 

PV2 

1 

d^ni antehna 


■ii 

-40 

<1 


11 


3 

bi&h ant^Vina 


9.6 

-4b 

<1 


11 


7 

Ant&nh^ teM 


-9.5 

-42 

<1 


21 


8 

MesH 

•i.b 

•9.2 

-40 

<1 


Id 


16 

Solar pahel extension 

•1.9 

9.2 

-40 

<1 


10 


32 

Center of shdlf 

-1.9 

•9.2 

-4b 

<1 


10 


24 

6helf 

•1.9 

•9.2 

-40 

<1 


Id 


26 

Shelf edge 9(P 

•1.9 

9.2 

•40 

<1 

i:4M 

lb 

±13jU 

28 

Shelf edge i6o<* 

-1.9 

-9.2 

•4b 

<1 


10 


30 

Shelf edge 

-1.9 

•9.2 

-40 

<1 


10 


72 

Solar panel 

-1.9 

9.3 

-40 

2344* 1 

21 


74 

Ah cavity 

-37 

•78 

•91 

■92 


-54 


840N1 

Current through BAPTA, liA 

•2.4 

18 

•0.5 

13.6 

33 



l2333fnV. 

N0T8 : Ail voftayes in millivolfs uhleU otherwise noted. 
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